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GIS modeling of the watershed and river network: analysis of hydrological processes on the example
of the Brusnytsia river basin

Pasichnyk M.D.

The study of the Brusnytsia River basin demonstrates the effectiveness of modern GIS technologies for
analyzing watershed systems, which is particularly relevant in the context of climate change and intensive
anthropogenic impact. Small rivers play a crucial role in maintaining ecological balance, providing water supply,
supporting biodiversity, and shaping local ecosystems. However, they are highly vulnerable to climate change, pollution,
and irrational use, necessitating detailed monitoring and the development of effective management strategies. The
main objective of this study was to model the watershed and river network of the Brusnytsia River using digital elevation
models and GIS tools. The use of QGIS 3.22 and SAGA GIS 2.3.1 enabled precise spatial characterization,
determination of flow directions, watershed boundaries, and the hierarchy of the river network, which improves the
accuracy of flood forecasting, erosion assessment, and the development of water resource conservation measures.

The study utilized digital elevation models, particularly the Copernicus Global Digital Elevation Model with a 30-
meter resolution, topographic maps, satellite images, and hydrological data. Algorithms such as Fill Sinks (Wang &
Liu), Flow Direction, Flow Accumulation, Catchment Area, Drainage Basins, and Strahler Order helped to create a basin
model, determine the river network hierarchy, and assess potential flood risks. It was found that automated modeling
allows for more accurate watershed boundary delineation; however, in complex terrain conditions, errors may arise,
including the erroneous inclusion of part of the Prut River's floodplain into the Brusnytsia basin. The hierarchical
analysis of the river network revealed that most small watercourses form in the upper reaches of the basin, with the
main runoff concentrated in the middle and lower sections. Flood zone analysis indicated the highest risk in the middle
part of the basin, where runoff accumulates following heavy rainfall or snowmelt. The use of the Sediment Transport
Capacity method allowed for the identification of erosion-prone zones most susceptible to soil degradation. The study
found that the most active erosion processes occur on steep slopes, which may lead to channel shifts and sediment
accumulation.

The application of GIS technologies enabled the automation of significant parts of the process, reducing errors
and making the study more precise. The results have practical implications for water resource management, particularly
in identifying erosion-prone areas, optimizing drainage systems, and planning flood prevention measures. Additionally,
the data can be used for environmental monitoring, assessing anthropogenic impacts on river ecosystems, and
conducting scientific research on the hydrological characteristics of small rivers. Promising directions include integrating
more detailed digital elevation models with resolutions of 5-10 meters, using real hydrometric data for model calibration,
and analyzing climate change impacts on runoff in small river basins. The study confirmed that GIS is an effective
method for analyzing river systems and managing water resources, allowing for the consideration of spatiotemporal
runoff features, identification of potentially hazardous areas, and development of recommendations for sustainable
water use.

Keywords: GIS modeling, Digital Elevation Model (DEM), SAGA, QGIS,sustainable management of river
systems.
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OLIIHKA CE30HHOI'O CTOKY PIYOK CYEBACEWHY TUCU

Cmamms npucesiyeHa O0CiOXeHHI0O 800HO20 pexuMy pidok cybbaceliHy Tucu 8 Mexax YkpaiHu, wo €
KPUMUYHO 8aXXNUBUM 8 yMO8ax Cy4acHUX KliMamuy4HUX 3MiH, SIKi Xapakmepu3yrombCsl 3p0CMaHHSIM eKecmpeMarbHUX
noz2odHux seuw. Memotro docrnidxeHHs € ouiHKa 8e/lU4UHU PiYHO20 CMOKY, aHani3 ¢gha3 800HOCMIi ma KosnueaHb
800HOCMI 8 MEXax Ce30Hi8, U0 00380J151€ 8U3Ha4YUMU nepiodu 3 Hadnuwkom abo Oeghiyuumom 800HUX pecypcis.

Bukopucmosyrouu cmamucmuyHi mMemodu o6pobKu cmokogux psidie COCMEPEXEeHHS 8U3HA4YeHi cepeoHi
b6azamopiyHi MOdyi cmoKy ma ix Mpocmopo8o-4acosy MiHIUGICMkb.
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lMposedeHo demanbHuUl aHani3a 6HympiWHbOPIYHO20 pPOo3rnodiny CMOKY, SKUU Mokasas, wo Halbinbwul
8i0comoK cmoKy ¢hopmyembcs y bepesHi-ke8imHi (ueHmparnbHa ma 3axidHa 4yacmuHu cybbaceliHy) ma K8imHi-mpaeHi
(cxiOHa yacmuHa cybbaceliHy). Y3aearnbHIo4u 0aHi CriocmepeXXeHb, 8CMaHOB/IEHO, WO 8ECHSHUU CMIK cmaHo8uMmb
38%, nimHpo-ocCiHHIlG — 40%, a 3umosuli — 22% 8id piyHo20 cmoky. [pu uysomy 8 cxiOHili HacmuHi cybbaceliHy Yyacmka
TiMHbBO-0CIHHBE020 Cce30Hy cmaHosumb 46%, a 3umosozo — nuwe 15%, wo ceid4umb npo crneyucbidHi ymosu
popMmy8aHHsI CMOKY 8 UbOMY PEe2iOHi.

Pesynsmamu docnidxeHHs1 Marompe 8aXruee rnpakmuyHe 3Ha4deHHsi Ons rnaHysaHHs 8000KOPUCMY8aHHS,
ynpassniHHs 800HUMU pecypcamu ma 3arobieaHHs cmuxillHUM fiuxaM, makuM siK ogeHi ma rocyxu. BoHuU makox
MoxXymb 6ymu euxkopucmani Onsi po3pobku cmpameeill adanmauii 00 3MiH Krimamy ma 3abe3rneqyeHHsi cmarnozo
PO3BUMKY PE2IOHY.

Knroyosi cnoea: cybbacelH Tucu, piyHul ma Ce30HHUU CmiK, MIHIUBICMb CMOKY, CMamucmuYHi
Xapakmepucmuku.

BcTyn. B ymoBax kniMaTU4YHUX 3MiH, SIKi XapakTepu3yrTbCHA 3POCTaHHAM eKCcTpeMarbHUX
NOrogHUX SIBULL, OOCHIOXEHHS XapaKTepuUCTUK Ta 0cobrvBocTel BOOHOrO pexmmy HabysBae
ocobnmeoi akTyanbHocTi. HaykoBi npaui [1-5] nigkpecntooTb HEOOXigHICTb rMMOOKOro aHanisy
riApOnoriYHMX npoueciB Ha pivykax YKpaiHu, ocobnmBO AONs TPaHCKOPAOHHUX ©acenHiB npwu
Y3rOPKEHHI Ain MK KpaiHamu-cycigamu Ta npu BnpoBamkeHHa BogHoi PamkoBoi OupekTusmu
(BPA) €C gns ctanoro ynpaeniHHS BOAHUMW pecypcamMm.

3a oCTaHHI TpMAauATb POKIB CepegHbopidHa TemnepaTypa MOoBIiTPS 3araroM B YKpaiHi
nigsuwmnack Ha 1,2°C. [JocnigpKeHHs perioHanbHUX TEMNIB NOTENMIHHA CBiAYNTD, LLIO LWIBUAKICTb
3pOCTaHHA TemnepaTtypu nositps 3a 1975-2019 pp. ctaHoBUTL, 3anexHo Big perioHy, 0,61 —
0,82°C/10 pokiB, Togi sIK y cycigHix kpaiHax — 0,47-0,59°C/10 p., a B niBHiYHi1 niBKyni Ta €Bponi
- 0,34 i 0,47°C/10 p. BignosigHo. Lli paHni ceigyaTb nNpo Te, WO LWBWAKICTb MNiABULLIEHHS
TemnepaTtypu NoBiTpA B YKpaiHi € 3Ha4HO BULLIOO 3a rnobarbHi Ta eBponenchbki Temnu [6]

mobGanbHe noTenniHHS MpUM3BOAMTL OO 3MiH Yy pO3Mnofini onagiB, TaHEHHI CHiry Ta
NbOAOBMKIB, WO 6e3nocepegHbO BMAMBAE Ha BOLOHWMIA PEXUM PivOK, 30inNbLUyouM 4acToTy Ta
iHTEHCMBHICTb NOBEHEN, NABOAKIB Ta MOCYX, WO BMMarae po3pobku ctparterii agantadii 40 3MiH
BOAHOrO pexumy 6asytoumncb Ha MOro HagivHIn ouiHUi [6].

HagiiHa oOuiHKa BEenMYMHM pPIYKOBOrO CTOKY BM3HaYae CTyniHb BOA03abe3neyqeHOoCTi
TepuTopil Ta HaceneHHs. Matoun gaHi Npo Po3noain CTOKYy MO Ce30Hax i MICAUSAX € MOXIUBICTb
BU3HAYMTU nepiogn 3 HagnuMwkom abo gediuMTtoM BOAHUX PEecypciB Ta BYACHO BXUTU
BOAOrocnofapchki 3axoam Ans HaginHoro 3abe3neyeHHs HacerneHHs Ta ranysen rocnogapcrtea
BOJOI0 Y HamnexXHin KiNbKOCTI Ta AKocTi. JocnigXeHHs cnpsaMoBaHe Ha OLiHKY BENUYUHWU PiYHOro
CTOKY Ha piykax cybbacenHy Tucm B CyqacHUX KriMaTUYHUX yMOBax, aHania gas BOAHOCTI Ta
KONMBaHHS BOOHOCTI B MeXax CEe30HiB.

MaTtepianu Tta metoan pocnigxeHHa. Cyb6aceiH Tucu B Mexax YKpaiHM MOBHICTIO
oxonntoe 3akapnaTtcbkKy obnactb KpaiHu i 3aimae 12,8 tuc. kM? (2% TepuTopii KpaiHu).
Cyb6acenH po3talloBaHUn y Mexax ABOX oporpadidyHMx panoHiB 3akapnatTs, a came BKIo4ae
ripCbKy Ta nepearipcbky 4YactuHu KapnaT, 3 0COGNMMBOCTSIMU SIKMX MOB’SI3@HUI Y 3HAYHIN Mipi
BOOHWI PEXUM PIYOK NPOTATOM POKY Ta NiJ Yac naBoAkKiB [7].

OocnigxyBaHuin cybbacenH Tucu € yactuHow 6acerHy pivkn [lyHan i HanGinbLLow niBoto
MNOro NPUTOKOIO, NPOTiKa4M B Mexax YkpaiHu, YropwuHu Ta Cepbii, 4acTKOBO NO KOPAOHY Midx
YkpaiHoto Ta PymyHieio Ta YropwmHow, a TakoX No KOpAoHy Mik CnoBayvynHow Ta
YropLumHoto [7].

Cy66acenH Tucu 3anmae niBAeHHO-3axigHYy 4YacTuMHY YKpaiHcbkux KapnaT Ta niBHiYHO-
cxigHy YactnHy CepegHboAyHaNCbKOT HU30BMHM MO pidui Tuca i ii nputokax. TyT npoTikae 165
pivoK 3 OoBXWUHO Ginble 10 kKM Ta po3TawoBaHo 9 BogocxoBuLy, (3 o6’emom Binbuie 1 MiaH m3).
lMoBepxHeBUIA CTiK Ha TepuTopii YkpaiHn dopmytoTb HopHa i bina Tuca, npasi nputoku Tucn —
piukn TepecBa, Tepebns, Pika, bopxaBa Ta pivku Yx i Jlatopuus [7-8].

KapnaTtcbki ropu BnnuBatTb Ha KMiMaT HaBKOSIMLIHBOI TEPUTOPIi, YTBOPHOHYN NPUPOSHIO
nepeLkony, WO 3axuwae 3akapnaTtTs Bif BTOPrHEHHS XOMNOOHUX apKTUYHMX Mac MNOBITPSA 3
niBHIYHOro cxody i cxody. 3uma KopoTKa, M'ka, HecTinka, 3 yactumu Bignuramu. J1ito noMmipHo
Tenne ta Bonore. CepegHa Temnepartypa MNoBiTpS 3a pik B NepearipHMx panoHax cybbacenHy
ctaHoBuTb 8,5-10,4 °C, y ripcbkux gonuHax — 5,8-7,8 °C, y ropax (Ha Bucoti 1100-1400 m) —
6nm3bko 3°C. CepeaHst TemnepaTypa CidHsl, Y SKOMY BiA3HayaloTbCA HaMHWXKYi Temnepartypw,
CTaHOBUTb B HU3WHHO-MEpPEeAripHUX parnoHax -1,2...-2,4 °C, B ripcbkux gonuHax — -2,8...-4,4°C, a
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y ropax — -5,8°C. CepegHsa TemnepaTtypa HauTenmniworo Micausa — fMnHa — ckrnagae B HU3UHHO-
nepearipcbkux parnoHax 19,1-21,4° C, B ripcbknx gonmHax — 16,2-18,3°C, a y ropax — 11,7°C [8].

3nmoBuin Nepiof y nepearipHmMx panoHax Tpusae 71-81 gibé noumHaroum 3 KiHus nuctonaga
— noyaTKy rpygHsa i TpMBae OO nouvaTtky Apyroi-TpeTbol Aekagu foToro, Konu BiabyBaeTbes
CTiINKMA nepexig cepeaHboi OoboBOI Temnepatypu noBiTpsa yepe3d 0°C y 6ik moTenniHHA Ta
NMOYMHAETBLCA BECHA, B MipChKNX goNMHax anmosui nepiog Tpueae 91-110 gid — 3 TpeTboi gekagm
nucronaga Ao KiHug NToro - nepoi gekagm 6epests [9-10].

Tenna noroga BCTaHOBMNIOETLCA 3 CepeanHU KBITHA (Ha nepearip’i) - TpasBHA (y ropax) i
YTPMMYETbLCH A0 XOBTHS-NUcTonaaa.

Onaan no tepuTtopii 3akapnaTcbkoi obnacTti po3noginaTecs HepiBHOMIpHO — Big, 670-
730 MM (Ha HU3uHI), 860-1060 mm (y nepearip’i) 4o 1210 mm (y ropax). Npu ysomy 6nmnssko 60%
Pi4HMX CyM onagiB BMnagae B TENNUIA nepiod pokKy.

CHiroBun nokpmB B HA30BUWHHIV Ta NepearipHin YyactnHax obnacTi Big3Ha4aeTbCA BENUKOIO
HecTiKicTIo. TyT BiH BCTAHOBIIOETBCA HABiTb HE KOXHY 3UMY i pigko TpuBae goswe 1 micaus. B
riPCbKMX panoHax TPMBaniCTb 3ansir@HHs CHIrOBOrO MOKPMBY KOMMBAETLCA B OOCUTb LUMPOKUX
Mexax. B wnpokux ponuHax, Ski npoayeBalTbCA BiTPOM, BMCOTA CHIFOBOrO MOKPUBY HeE
nepesuye 3-5 cm. B okpemi GaraTOCHiXKHI 3MMK BUCOTa CHIrOBOro nokpmsy Moxe csiratu 40-
50 cm.

BogHuii pexxum Ha pivkax cybbaceriHy Tucn 3anexuTb Bif YMOB CHIrOTaHEHHS B 3MMOBO-
BECHSAHWI Nepiod, a TakoX Bif, KINbKOCTI onagis, WO BMNanu i ix iHTEHCUBHOCTI HABECHI i BAIiTKY.
YKvBneHHs pivoK TYT 3MillaHe i B hOpMYBaHHI CTOKY B Pi3HMX YacTMHaX TepUTOpIi posib Tanux i
AOLLOBUX BOA AeL0 pi3Ha.

CnocrtepexeHHs 3a LWOAEHHMMW BUTpaTamMum BOgM Ha pivykax cybbacenHy Tucn
30INCHIOKTLCS Ha CbOoroAHi no 23 rigponoriyHmx noctax (puc.1). Mpu ubomy AaHi CNoCTepeXeHb
no p. Tepebns -c. KonoagHe (2016-2020 pp.) He 6yno BUKOPUCTAHO ANs NOganbLUMX PO3paxyHKIiB
yepes HeTpuanum pag gadumx [11].
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Puc. 1. Kapta-cxema po3TallyBaHHA BUTPaATOMIpHUX TrigponoriyHnx MocCTiB Ha piyvkax
cy66acenHy Tucu (Homep nocta Bignosigae Homepy y Taén. 1)

Ona aHanidy 6araTopidyHMX KONMBaHb BOOHOCTI pivyoKk cybbacenHy Tucu po3rnsiHyTo

BoAo0360pu 3 nnowamu Big 25,4 km? (p. Ctyaenun - . HwxHin Ctyaernun) go 9140 km? (p. Tuca -
cMT Bunok) 3a Becb nepiof iHCTpyMeHTanbHnx cnoctepexeHs (no 2020 pik, BkrtoyHo). CepeaHs

ISSN:2306-5680 Hydrology, Hydrochemistry and Hydroecology. 2024. Ne 4 (74)

46



TpuBanicTb pAaiB cCnOCNOCTEPEXeHHA cknaaae 67 pokis, Npu gianasoHi Big 58 pokis (p. Kociscbka
- ¢. Kocieckka NMonsHa) go 75 pokie (p. Pika - cMT Mixrip's).

CepepHs BucoTa Bogo3odopis cknagae 792 m npw gianasoHi sucoTt Big 300 m (p. Ctapa - c.
3HauboBo) o 1200 m (p. bBina Tuca - c. Jlyrn) Ta cepegHin 3aniceHocTi Bogo3bopis 61 % npwm
pianasoHi Big 18 % (p. CtyaeHun - c. Hwxhin Ctygennn) oo 83 % (p. KociBcbka - ¢. KociBcbka
MongHa).

Buknap ocHoBHoOro martepiany. BogHicTb pidok cybbaceriHy Tucu xapaktepusyetbes
3HaYHO MIHMMBICTIO MPOTAroM POKy Ta 3a BaraTopivyHumn nepiog. Lle 3yMoBneHo pisHOMaHITHICTIO
¢hakTopis, LLO BNAMBaOTb Ha YOPMYBaHHS CTOKY, 30Kpema: KrniMaTu4dHi yMoBW; MOPdONOriyHi
ocobnmeocTi 6acerHy Ta rigponorivHi pakTopu.

[na pivok cy6bacenHy Tucu xapakTepHi HacTyrMHi Ce30HHI 3MiHW BOAHOCTI: BECHAHA NOBiHb
(3ymoBneHa TaHEHHsIM CHiry B ropax Ta iHTEeHCUMBHMMW onagamn), niTHS MeXeHb
(xapaKkTepnsyeTbCsl HU3bKOK  BOOHICTIO 4epe3 3MEHLUEHHS onagiB  Ta  iHTEHCUMBHE
BMNapOBYBaHHS), OCIHHA NOBIHb (K HACMiQOK TpMBanNux AOLWIB) i 3MMOBa MeXeHb (3yMoBneHa
NbOAOYTBOPEHHAM Ta 3MEHLLEHHSIM XMBIEHHA pivok) [10-11].

BecHsiHa noBiHb Ha pidkax 6aceriHy Tucu B Mexax YKpaiHu 3a3Bu4aln CnocTepiraeTbes 3
KiHUS noToro - noyaTky ©epesHs, nik npunagae Ha 6epe3eHb-KBiTEHb. TpuBaniCTb BECHSAHOI
NnoBeHi MOXe TpMBaTK Bif, KiNbKOX TWXKHIB OO KiNbKOX MICAUIB, 3amneXHo Big NOrogHMx ymoB Ta
KifIbKOCTi CHiry, Lo BuNae 3a 3uMy. TepMiHU MOXYTb 3MIHIOBATUCA 3aNeXHO Big KOHKPETHOro
POKY.

3a BaraTopiuyHuMiA nNepioa cnocTepiraTbCs 3HAYHI KONMMBaHHA BOAHOCTI pivyok cy6bacenHy
Tucwn. MNepioan 3 NigBULLIEHOI BOAHICTIO MOXYTb TPMBATU KifNlbKa pPOKIB i YepryBaTucs 3 nepiogamu
manosoaas.

PosrnsHemMo KonueaHHs BOGHOCTI pivok cyb6baceriHy Tucu Ha npuknagi geskux Bogo3topis
(pnc.2): p. bina Tuca — c. Jlyrm i p. TepecBa — cMT YCTb YopHa y cxigHin YactuHi 6aceniHy, p.
lNonatvHka — ¢. MangaH i p. bopxaBa — c. [loBre y LeHTparnbHin YacTuHi Ta p. Jlatopuua — m.
CeangBa i p. YXx — c. 3apeyeBo y 3axigHin YaCcTuHi.

AHanisytoun nobynosaHi rpadiku BigxuneHb cepeaHbOopiYHUX MOAYIIB CTOKY Big HOpMM
CTOKY MOXEMO BiAMITUTU 3MiHY yrpynyBaHb POKiB GifiblUMX i MEHLWMX NO BOAHOCTI Big HOpMM
CToKy. 3a cydacHun knimatudHmn nepiog (1991-2020pp.) Mamke N0 BCiX PO3rNAHYTUX
BOA0360pax KinbKiCTb pOKiB MO BOAHOCTI MeEHLIMX Big HOpMu 6yno Ginblie Big CniBBigHOLUEHHI
16/14 go 23/7, kpim p. bina Tuca -c. Jlyrn y skoi 3a 30piyHni nepiog 6yno 14 pokiB 3 BOAHICTIO
MeHLUe 3a HOpMY i, BignoBigHoO, 16 pokiB i3 BogHiCTIO Ginblle 3a HOpMy. Takox Ha Bogo3bopi p.
bina Tuca — c. lNlyrm y manoBogHy ¢asy, sika posnoyanacek 3 2011 poky, BigMIiYaeTbCH piBHA
KiNbKICTb pOKiB MO BOAHOCTI MeHLWMX i Binbwmx Big HopMu. ToAi sk MO BCiX iHLWMX PO3rNAHYTUX
BOA03060pax KiflbKiCTb POKiB MEHLUMX 3a HOPMY CTaHOBUTbL 8-10 pokiB.

Ha p. Tepecsa — cMmT YcTb-HopHa, p. NonaTtnHka — cmT MangaH, p. bopxaea — c. [losre i p.
Jlatopuuga — m. Ceangea B ocTaHHi 30 pokiB nepeBaXkaloTb ManoBOAHI POoku, ToAi Sk no p. bina
Tuca — c. Jlyrm i p. ¥k — c. 3apivyoBO BiHOCHO piBHa KifnbKiCTb POKIB, AKi OLHIONTLCA $K
©araToBogHi Ta ManoBOAHI.

TakoxX MOXHa BigMITUTW, WO JochigKyBaHa TEpUTOPIA XapakTepusyeTbCs YacTUMu
nasogkamu [14], siki oXonnoTb pPi3Hi Teputopii 6acerHy, a TOMy OAWH | TON Xe pik Ha OQHOMY
BOA0360pi chopMyeTbCs CTiK GinblUMK 3a HOpPMY, a iHWOMY BOA0300pi, HABMaku, MEHLIMA 3a
HOPMY CTOKY.

Ha nepwomy etani gocnigpkeHHs Gyno BuU3HAYeHO cTaTUCTUYHA napameTpu (cepegHe
3HayeHHs1 psay, koedilieHTy Bapiauil i acumeTpil Ta CniBBIAHOWEHHS (¢ /C, ) YacoBux psais

cepeaHbOopiYHMX MoAyniB CTOKy pivyok cyb6baceriHy Tucn, BUKOPUCTOBYHOUM PEKOMEHOOBAHI
CTaTUCTUYHI METOAN: MOMEHTIB Ta HanbinbLoi NnpasgonodibHocTi [12].

CepepgHin 6araTtopiyHuin cepeHbOPIYHMIA MOLYNb CTOKY No BoAo3bopax pivyok cybbaceriHy
Tueu 3miHeTbea Big 9,71 n/(c-km?) p. Ctapa - ¢. 3HAuboBO (F = 224 kM?) y 3axigHin YacTuHI
cybbacenHy po 36,6 n/(c-km?) p. KociBcbka - ¢. KociBcbka MonsHa (F = 122 kM?) y niBogHHO-
CXigHin YacTuhi cybbacenHy (tTabn.1).

KoediuieHTn Bapiauii C, £K 3a METOAOM MOMEHTIB, TaK i 3a MeTodoM HambinbLiol

npaesaonodioHocTi konueatTbes B Mexax 0,20-0,40, a koedilieHTM acuMmeTpii MatoTb BinbLUUKA
pianasoH konueaHb 0,17-1,12 3a metogom MoMmeHTiB Ta 0,20-1,20 3a meToAoM HaMbInNbLUOT
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npaeaonofibHocTi. CepeaHe CMiBBIAHOWEHHS (g /C, Ans cepeaHbOpIYHMX MOAYIIB CTOKY ANS
pidok cy6bacenHy Tucm NpUAHATO Ha piBHI 2,5.

qi — qn qi — qn
p. bina Tuca —c. /lyru p. Tepeca — cmT YcTb-YopHa
20,00 40,00
15,00
30,00
10,00
20,00
500 I I I
000 I I - L} II I | -_III 10,00
g ot Ig]l“ 'y l#lwungllsmw& | ’
wnown m~ 0 Q2 9 = -—1
so0 58 LA ER ELERERRRER] LR TN Wil
4 000 oo b A un 10 L Hnin Rl . 1
! H rl & = I-n Q= ™~ I; 1
-10,00 a 3 EEHEXILFS <]
- - L I I | L I B I B ) o o~
-10,00
-15,00
-20,00 -20,00
qi — qn qi — qn
p. lonatuHka — cmT MakigaH p. bopxxasa —c. [loere
25,00 25,00

S

20,00 20,00
15,00 15,00
10,00 10,00
gt 1 | LL Gl |
000 L 111 4] .l | I 1 000 1 all 180, Iy , r'n
: k
ﬂ —

Al N . N |
wl-.lmocln-l hcgll%\lgj LR '§|§|Ic 3 HIMk < ~ oo g oL o
S0 & 8 & 5 & & 8 8 g 500 & a & 5 &g 2R 8
00 &2 293 g3 2 og & 8] S8R 00 5 3 9 R R B S
-10,00 -10,00
-15,00 -15,00
-20,00 -20,00
qi — qn qi — qn
p. latopuua —m. Ceanasa p. V3 —c. 3apidyoBo
25,00 25,00

20,00 20,00

15,00 15,00

10,00

10,00
= Ja ], -l
0’00 I“I I I e _ - 00 I I Illll - IlI_I
R

-10,00 -10,00

=}
-

o

3

-15,00 -15,00

Puc. 2. XpoHonoriyHi rpacdiku KonuBaHb BOAHOCTI Ha piukax cy6bacenHy Tucu

Moxubka BM3HAYEHHA cepeaHbOl 6araTopiyHOl BENWYUMHU CTOKY MO  OOCHIAXEeHUX
BOA0360pax OUIHIOETLCS KONMBaeTbCA Bi 2,4 % 00 4,8%, WO He nepeBuLLy€e A0MYCTUMY NOXMOKY
Anga pivyHoro cTtoky (10 %), a Tomy Moxe ByTu NpUNHATO 3a Hopmy [12].

Ha Tteputopii YkpaiHu, Buxogsuu i3 ymoB (hOpMyBaHHSA Ta ocobnmBocTen posnoginy
PiYHOrO CTOKY MO Micausx i cesoHax [12], 3a TMNOBUM BHYTPILLIHBLOPIMHUM PO3MOAINOM CTOKY
BuaineHi 16 panonis. CybbacenH Tucu BigHoCUTbCA A0 2 3 HUX, Ae BecHAHun cTik (IlI-V)
OLIHIOETLCS Y Pi3Hi poKM No BogHoOCTi Big 35,6-38,4 % o 50,5-51,0 %, NiTHbO-0CiHHIN ce30H (VI-
XI) Big 25,6-40,1 % po 37,4-43,1 %, a saumoBui BignosigHo Bia 9,2-11,8 % po 18,3-27,2 %.
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Tabrnuys 1. CTaTMCTUYHI napaMmeTpu YacoBUX pAQIB cepeaHbLOPIYHUX MOAYIIB CTOKY pPivdOK
cy66acenHy Tucu (B mexax YkpaiHu)

MeTon HanbGinbLwoi

L n, i ) I o
i Piuka - nocT KF,2 po- /CI:p(, , MeToa MomeHTIB npasgonogibHocTi s o}
3 M* | ki VK™Y o | cs [csicv| cv | cs |csiov| 2
1 |Tuca - et Paxis 1070| 74 | 23,7 |021]042] 20 | 021 |044a] 21 | 24
> |Tuca - emT Burok 9140| 67 | 22,0 |026]041| 16 | 026 |043] 1,7 | 31
3 |UopHas Tuca - cwr Siouns| 194 | 65 | 246 [025/0,73] 2,9 | 025 [078] 31 | 32
4 |Bina Tuca - c.liyrm 189 | 66 | 273 |020]026| 1,3 | 020 [029]| 14 | 25

Kociscbka - c.KociBcbka | 155 | 55 | 366 |023]092| 41 | 022 |1,003] 45 | 29
5 [lMongaHa

Tepecsa — cmT YcTb 572 | 71 | 31,5 |025|081| 32 | 025 |086| 34 | 30
6 |YopHa
7 | Pika - c.BepxHiti Bucrpuin | 165 | 63 | 246 |0,28]082] 30 | 028 [088] 32 | 35
8 | Pika — cmT Mixrip's 550 | 75 | 244 |025]017] 07 | 025 [020] 08 | 29
9 rOJ'IFITVIHKa-C.MaVI/J,aH 86 61 24,5 0,25 0,75 3,0 0,25 | 0,78 3,2 3,1

10 |Mununeup - c.Mununeup | 44,2 | 64 330 |0,24|028| 1,2 | 0,24 |0,31| 13 3.0

CtyaeHun - c.HwxHin
11 |CTypeHun

12 | Bopxasa - c.[losre 408 | 74 | 26,5 |0,30(0,36| 1,2 | 0,30 |0,39| 1,3 | 3,5
13 | Natopuus - c.Mignonosasi | 324 | 74 | 27,9 [0,30(054| 1,8 | 0,30 [058| 19 | 3.4
14 | Natopuus - M.Ceansisa | 680 | 59 | 21,1 |0,30[0,90| 3,0 | 0,30 |0,98| 3,3 | 3,9
15 | Natopuus - mMykavese |1360| 74 | 19,0 |032]097| 3,1 | 031 [1,01| 33 | 36

254 63 22,7 1027|076 | 2,8 0,27 10,81 3,0 3,4

16 | Natopuus - m.4on 2870| 64 | 12,3 [0,34|1,12| 33 | 0,33 [1,20| 3.6 | 4,2
17 |Biya - ¢.HeninmHo 241 | 63 | 27,6 |0,26|047| 1,9 | 0,26 |0,51| 20 | 32
18 | CTapa - ¢.3HsIUpOBO 224 | 69 | 9,71 |040|0,66| 1,7 | 0,40 |0,71| 1,8 | 48
19 | Y - c.)KopHasa 286 | 69 | 22,5 |027(033| 1,3 | 0,27 |0,37| 14 | 3.2
20 |V - ¢.3apeueso 1280| 74 | 16,5 |0,28|1,01| 3,6 | 0,28 |1,06| 3,7 | 33
21 |V - m.Yxkropon 1970| 74 | 14,6 |0,27|040| 1,5 | 027 |042| 1,6 | 31
22 | Typ'si - ¢.Cimep 464 | 63 | 196 |0,31(061| 2,0 | 0,31 (0,63| 20 | 3,9

CepedHe 67 2,3 2,4 3,3

3a gocnigpkeHHam y [13] cy6bacenH Tucn y cyvacHnx KniMaTuyHUX yMoBax BiQHOCUTLCS 40
Tuco-JlaTopuubkoi naHgwagTHO-rigPoNoriYHOT NPOBIHLIT, A€ Y BECHSAHUN Ce30H (hopMyeTbCA
31 %, NiTHLO-OCIHHIN — 45 %, a 3uMoBUI 24 % PiYHOro CTOKY, BiAMOBIAHO.

BHYTPILIHBLOPIYHUI PEXUM CTOKY PiHOK LIbOro cyb0acenHy xapakTepuayeTbCA HasIBHICTHO
naBogo4YHOro nepiogy 3 6epesHst Mo ceprneHb, Nig Yac akoro opmyeTsea Big 55 % go 70 %
PiYHOrO CTOKY. Y ManoBOOHI POKWU BWUCOKI NaBOAKM iHOAI CMOCTepiraloTbCAa BOCEHW W HaBiTb
y3nmky [13].

Y 3B'A3Ky 3 TaKOK CKMNagHICTIO PEXUMY CTOKY PiYOK BM3HAYEHHHA MEX CEe30HIB € OOCUTb
YMOBHUM, TOMY LWWO MaBOAKW, L0 CMOCTEPIraloTbCa MPOTArOM YCbOro POKY, YCKNagHHHTb
BUAINEHHS MEeXeHHOro nepioay.

MpakTn4He 3HaYEeHHS KiNbKICHOT OLIHKM BHYTPILLHBOPIYHOrO PO3Mo4iny CTOKY Mo Micausx Ta
no cesoHax HeobxigHe ons 3abesneyeHHsa NoTpeb y BoAi HAaceneHHs Ta rocnogapcTea. A Takox
3 MEeTOK OOTPUMAHHS NPUHUMNIB CTanoro po3sBuTky 3 6€3yMOBHUM OOTPUMAHHAM MpU LbOMY
NPUHUMNIB MiHiMi3aUii BUIyYeHHss BOAW 3 MPUPOAHOrO KpyrooOiry, OOCSArHEHHSI E€KONOrivyHOI
UMCTOTM BOAHOrO cepefoBula, 3anobiraHHa LWKIANMBOrO BMIMBY BOAHOI  CTMXIiI  Ha
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cinbcbkorocnogapcbki - yrinasa, ypbaHizoBaHi TepuTopii, NPOMUCNOBI 1 iIHPACTPYKTYpPHI
ob’ektn [12-13].

Mo BuGpaHux Bogosbopax-iHgekaTopax 3a METOAOM peasibHOro poKy BU3HAYEHO PO3MOAiN
CTOKy Boau no micsAusx. Ha Bogosbopax y ueHTpanbHin i 3axigHin yactuHax cybbaceriHy Tucu
HanbinbLUNI BIOCOTOK CTOKY Yy poui npunagae Ha 6epeserb (13,9-17,3%) i kBiTeHb (13,8-14,9%),
a ansa Bogo3sbopie cxigHoi YacTnHm cy6bacerHy ue kBiTeHb (15,4-17,3%) i TpaBeHb 14,1-16,9%.
BignoBigHoO HaiMeHLUi 3a BOAHICTIO MicsiLi Ha QOCNIAXYBaHiA TepUTOpIT HACTYMHI: CXigHa YacTuHa
cybbacenHy - ciyeHb i noTun (no 4,3-4,9 %), B iHWKNX YacTuHax cybbacernHy — ue cepnetb (3,5-
4,9%) i BepeceHb (3,8-5,3%).

Lloao ce3oHHOro posnoAiny CTOKY 3a BeCb nepiof iHCTPYMEeHTanbHUX CNoCTepeXeHb Ans
pidok cybbacenHy Tucm Maemo HacTynHu pos3nogin: BecHsHun cesoH (IlI-V) 36,6-39,9 % Ta
CE30HU NiTHLO-0CIHHBOI MexeHi (VI- XI) — 32,1-46,5% i 3umoBoi mexeHi (XII-II) — 14,1-28,4 %.

Mpn UbOMY, SKLWO PO3MMSAHYTU PO3MOAIN CTOKY MO Ce30Hax Ha npuknagi ogHoro 3
BoAo36opiB, Hanpuknad, p. bopxasa- c. [oere (puc. 3), TO MoXemo nobaumTu, WO YacTka
KOXXHOrO 3 HUX 3 POKY B piK KONMMBAETbCHA Y 3HAYHOMY [fianasoHi. Tak 3a BECHAHWW Ce30H
dopmyeanocs Big 18% po 65% pivHOro CToky, 3a NiTHLO-OCIHHIN ce30H — Big 18% [o 68%, a 3a
3UMoBUI ce30H — Bia 5% Ao 38%.

3a ocTtaHHi 30 pokis (1991-2020pp.) y BECHAHWI ce30H chopMyBarnocs, B cepeaHboMy, 39%
(miana3oH 18-65%), y NiTHBO-OCIHHIN ce30H 43% (apiana3oH 26-68%) i y aumosuii — 18% (aianasoH
5-34%). A SIKWO pO3rMSAHYTM TakMi caMmui nepiog Ao BigMiYeHMX 3MiH Y KniMaTUYHUX hakTopax,
ToAi 3a nepiog 1961-1990pp. BecHsaHUM cTik cknagas 19-65% (B cepegHbomy 3a nepioa 38%),
NiTHBLO-OCIHHIN — 26-66% (B cepeaHbOMYy 3a nepioa 46%) Ta aumosuin — 5-31% (B cepeaHbOMY
16%)

TakMM YMHOM, CTiK 32 BECHSIHMI CE30H 3anumnBcs Mamxke 6e3 3MiH (£1%) y BCi po3rnsHyTi
nepiogu. Y niTHbO-OCIHHIN i 3MMOBUI Nepioaun 3MiHN B cepeHbOMY MO Ce30HaX He NepeBULLYIOTb
11-3%, ane ocb Aiana3oH 4YacTKM 3MMOBOrO CTOKY 3a Cy4aCHWW nepiog Yy MOPIBHAHHI 3 yCiM
nepiogom crnoctepexeHb OyB MeHWwnin Ha 7%, a nepiog 1961-1990pp. — Ha 10%. |, BignosigHo,
AianasoH YacTKM CTOKY 3a MiTHbO-OCIHHIN Ce30H y cydacHui nepiog Ha 8% meHLe Big AianasoHy
3a BeCb Nepiof crnocrepexeHb, a 3a nepiog 1961-1990pp. — Ha 10% MeHLwe.

1551 | H *H*|"| i |H||Hi i'|«|'i|}H|H ””*i”|||| ||' |
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Puc. 3. QuHamika 3MmiHM po3noainy ce3oHHoro ctoky (y %) piyok cyb66acerHy Tucu Ha
npuknaai Bogo3soopy p. bopxaea — c. [loBre

OTxe, Npu y3aranbHeHi psgiB cnoctepexeHHs no 2020 pik, BKAOYHO, MAEMO LLLO BECHAHUN
CTiK Ha piykax cyb6bacerHy Tucu cknagae 38%, NiTHbO-0OCIHHIN — 40% i 3umoBui -22% Big 06’emy
piyHOro cToky. Mpu LUbOMY Ha pidkax LeHTpanbHOI i 3axigHoi YacTuHU cy66acenHy y NOpiBHAHHI
i3 CXiQHOK YaCTUHOO € NeBHi BIAMIHHOCTI y nepioq MexeHi. Tak YacTka NiTHbO-OCIHHLOIO CE30HY
y CXigHi YacTuHi ctaHoBUTbL 46%, a 3MMOoBOro, BignoBiaHo, nuwe 15%.
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BucHoBku. BogHuin pexum pivok cybbaceriHy Tucu 3anexutb Big YMOB CHIFOTAaHEHHSA B
3MMOBO-BECHSIHUI Nepiog, a TakoX Bif KiNbKOCTiI onagis, WO BUNanu i IX iHTEHCUMBHOCTI HaBECHIi i
BRNITKY.

BennunHa cepeaHbOpiYHNX MOAYNIB CTOKY, IO DOPMYIOTLCS Ha pivkax cybbacenHy Tucw,
3MmiHtoeTbes Big 9,71 n/(c'km?) p. Ctapa - c. 3HauboBo (F = 224 kMm?) y 3axigHii 4YacTuHI
cybbacenHy go 36,6 n/(c-km?) p. KociBcbka - c¢. KociBcbka MonsiHa (F = 122 kM?) y niBOEHHO-
CXigHin vacTuHi cybbaceriHy npu koediuieHTax Bapiadii 0,20-0,40 i npuiHaTOMYy cepefHbOMY
CNiBBiAHOLLEHHI Cg/C, Ha piBHI 2,5. Pagn cnocTtepexeHHsa € penpes3eHTaTMBHUMMU, a TOMY

cepedHi 6araTopiyHi Moayni CTOKY € HOpMOK CTOKy. 3a ocTaHHi 30 pokiB BigMiYaeTbCcA NeBHa
3MiHa y BENUYMHAX KIliMaTUYHNX aKTopiB OPMYBaHHSI CTOKY, @ TOMY Ha GinbLUOCTi pO3rIsiHYTUX
BOA0300pax nepeBaxarTb POKM NO BOAHOCTI MEHLLUI 3@ HOPMY CTOKY. A 3 ypaxyBaHHSIM HaCTaHHS
e 1 manoBoaHoi dasn 3 2011 poKy BOAHICTb PiYOK fMLle B OOUHUYHUX BUNagKax € Grn3bKoto
abo gello nepesuLLy€E HOPMY CTOKY.

lMpoBeaeHO po3paxyHOK BHYTPILLHbOPIYHOrO PO3MOoAiny CTOKY, O€ BCTaHOBIIEHO, LLO Ha
BoAo036opax y LeHTpanbHin i 3axigHin yactuHax cybbacenHy Tucu opMyeTbcs HanBinbLUWKI
BIiACOTOK CTOKY y 6epesHi (13,9-17,3%) i kBiTHi (13,8-14,9%), a Ha Bogo36opax CxigHOI YacTUHM
cybbacenHy - y ksiTHi (15,4-17,3%) i TpaBHi 14,1-16,9% Big o6’emy pidHoro ctoky. [lpwu
y3aranbHeHHi pagis cnoctepexxeHb No 2020 pik BKMAOYHO, MAEMO LLIO BECHSAHWUIA CTiK Ha pidkax
cybbacenHy Tucu cknagae 38%, niTHbO-OCIHHIN — 40% i 3umoBuii -22%. Mpu UbOMY Ha pivkax
LeHTpanbHOi i 3axigHOi 4YacTuHM cyb60acenHy y MOpPIBHAHHI i3 CXiAHOK YaCTUHOK € MEBHI
BIOMIHHOCTI y nepiog MexeHi. Tak yacTka NiTHbO-OCIHHbOIO Ce30HY Y CXiAHIN YacTuHi cybbacenHy
Tucu ctaHoBUTb 46%, a y 3MMOBWUNA, BiaNOBIAHO, nuwe 15% Big 06’eMy piYHOro CTOKY.
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Assessment of Seasonal Runoff in the Tisza River Sub-Basin.

Goptsiy M.V., Pozdnyakov Yu.O.

The article is devoted to the study of the water regime of the rivers of the Tisza sub-basin within Ukraine, which
is critically important in the context of modern climate change, which is characterized by the growth of extreme weather
events. Global warming leads to changes in the distribution of precipitation, melting of snow and glaciers, which directly
affects the water regime of rivers, increasing the frequency and intensity of floods, floods and droughts, which requires
the development of a strategy for adapting to changes in the water regime based on its reliable assessment. The
purpose of the study is to estimate the value of the annual runoff, analyze the phases of water content and fluctuations
in water content within the seasons, which allows to determine periods with a surplus or deficit of water resources.

The study is based on the analysis of observation data on daily water flows at 22 hydrological stations located
on the rivers of the Tisza sub-basin for the period up to 2020. Statistical methods of time series analysis were used, in
particular, determining the average values, coefficients of variation and asymmetry, and the runoff rate was determined.
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The results of the study showed that the average multi-year average annual runoff module in the catchments of
the rivers of the Tysa sub-basin varies from 9.71 I/(c-km? of the Stara River - the village of Znyatsovo (F = 224 km?) in
the western part of the sub-basin to 36.6 I/(c-km? of the Kosivska River - the village of Kosivska Polyana (F = 122 km?)
in the southeastern part of the sub-basin. It was established that over the past 30 years, low-water years have prevailed
in most catchments, but years with high floods are also noted.

A detailed analysis of the intra-annual distribution of runoff was conducted, which showed that the largest
percentage of runoff is formed in March-April (central and western parts of the sub-basin) and April-May (eastern part
of the sub-basin). Summarizing the observation data, it was found that spring runoff is 38%, summer-autumn - 40%,
and winter - 22% of the annual runoff.

Special attention is paid to identifying differences in the distribution of runoff between the eastern and central-
western parts of the sub-basin. It was found that in the eastern part of the sub-basin the share of the summer-autumn
season is 46%, and winter - only 15%, which indicates the specific conditions for runoff formation in this region.

The results of the study are of important practical importance for water use planning, water resources
management and prevention of natural disasters such as floods and droughts. They can also be used to develop
strategies for adapting to climate change and ensuring sustainable development of the region.
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